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2.0 INTRODUCTION 
 
Health can be define as a state of complete mental, physical and 
social well-being and not merely the absence of disease or infirmity 
according to the World Health Organization (WHO) [1]. Having a 
healthy body is the greatest blessing of life, hence healthcare is required 
to maintain or improve the health since the healthcare is the maintenance 
or improvement of health through the diagnosis, prevention, and 
treatment of injury, disease, illness, and other mental and physical 
impairments in human beings. The novel paradigm of Internet of Things 
(IoT) has the potential to transform modern healthcare and improve the 
well-being of entire society [2].  
IoT is a concept aims to connect to the Internet as many devices as 
possible and able to control them remotely by using special application 
[3]. IoT is going to affect global trends since IoT has capabilities to 
connect D2M (Device-to-Machine), O2O (Object-to-Object), P2D 
(Patient-to-Doctor), P2M (Patient-to-Machine), D2M (Doctor-to-
Machine), S2M (Sensor-to-Mobile), M2H (Mobile-to-Human), T2R 
(Tag-to-Reader) [4]. Therefore, IoT plays a significant role in numerous 
applications in healthcare such as smart home care, personal healthcare 
and Real-Time Health Systems. As a result, the usage of IoT is enhanced 
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sharply in healthcare system. Since a sensor does not do anything after it 
measures or evaluate the data, thus it can be said that the IoT is really 
comes with the connection of the sensor as the cloud-based application 
is a key of leveraging the data. In order to interpret and transmit the data 
from the sensors, the cloud-based application is required so that the data 
is able to analyse. The cloud has the benefits that enables the apps for 
anytime and anywhere. There are two parameters are measured in this 
project which are the pulse rate and the body temperature. Pulse rate is 
also knows as heart rate which defined as the number of times of a 
person’s heart beats per minute (bpm). According to the American Heart 
Association, a normal heart rate is between 60 to 100 bpm for adults 
whereas the normal heart rate between 70 to 100 bpm for children ages 
6 to 15 [5]. A resting heart rate below 60 bpm is defined as Bradycardia 
whereas a heart rate exceeds 100bpm is defined as Tachycardia.  
The body temperature varies by many factors such as age, activity, and 
time of day. Generally, the average normal body temperature is accepted 
as 37°C (98.6°F). A temperature exceeds 38°C (100.4°F) most often 
means a person have a fever. A normal body temperature range is 
normally between 36.1°C to 37.2 °C (96.98–98.96 °F). The normal body 
temperature also depends on site of the temperature measurement and the 
reading is taken. For example, a temperature reading from the armpit will 
be lower than the body's core temperature.  
The body temperature and pulse rate are the two out of the four elements 
in the vital signs which is used to measure the basic function of the body. 
The measurement of the body temperature is important because change 
in body temperature might be one of the characteristic that indicate the 
person suffering from certain diseases. The course of the disease able to 
be followed up through the measurement of body temperature. Fever is 
one the condition result of an immune response of body toward the 
foreign invaders such as bacteria, fungi, toxins and so on. Hence, the 
increase of the body temperature is required to assist the body resist 
infections.  
Moreover, pulse rate measurement is also vital since the heart 
rate able to estimate the cardiovascular mortality and morbidity. The 
cardiovascular events will be happened to the individual who does not 
suffer from the cardiovascular diseases initially although they are at the 
extremely low risk compared to the individual who has suffer from the 
cardiovascular diseases. Hence, the cardiovascular disease can be 
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prevented by monitoring the heart rate regularly while the heart rate 
assessment can be used as a primary prognostic and secondary 
prevention indicators. Thus, an IoT based project on healthcare 
monitoring system is proposed to concern about society health condition 
such as the body temperature and pulse. 
 
2.1 BODY TEMPERATURE 
 
The temperature is a measurement of the degree of heat 
intensity and the temperature of a body is an expression of its molecular 
excitation [6]. Body temperature is the most important indicator among 
all the indicators of health state in humans. Therefore, the attention given 
to automatic temperature monitoring technology have increased in recent 
years [7]. In general, the normal temperature between the range from 
36.1 to 37.2°C. Everyone has their own body temperature and there are 
several factors that will affect the body temperature such as gender, age, 
site of measurement and influence of normal thermoregulation [6][8]. 
The normal human body temperature is known as normothermia or 
euthermia. Hypothermia occur when the body temperature fall below 
that required for normal metabolism. The hypothermia is classifying into 
mild hypothermia which is between 34 to 36°C, average hyperthermia 
which between 32 to 34°C, deep hypothermia which is between 30 to 
32°C and very deep hypothermia which is less than 30°C [9]. When body 
produce more heat than it can dissipate means the hyperthermia occur. 
The body temperature range shown in the Table 2.1.  
 
          Table 2.1 Body temperature range [14] 
Table 2.1 Body 
temperature range 
[14] Body 
Temperature 
 
Hypothermia 
 
Normal 
 
Hyperthermia 
Baby  
(Birth to 2 years)  
36°C  36 to  
37°C  
37 to  
38°C  
Children  
(3 to 12 years)  
36°C  36 to  
36.77°C  
38°C  
Adult  
(13 to 40 years)  
36.1°C  36.1 to 37.2°C  37.5°C  
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There are four methods to measure the body temperature which including 
axillary method, oral method, tympanic method and rectal method. The 
axillary method is the measurement under the armpit whereas the oral 
method is the measurement taken in the mouth. Besides, the tympanic 
method is the measurement taken in the ear. Advantages of tympanic 
method are safety, non-invasiveness and convenience [10]. The rectal 
method is the measurement of body temperature in the rectum or bum 
which is preferred for the infant and child. The range for the oral 
temperature is 33.2 to 38.2°C whereas for the rectal temperature is 34.4 
to 37.8°C. The range for tympanic temperature and axillary temperature 
is 35.4 to 37.8°C and 35.5 to 37°C respectively [11]. 
 
2.1.1 Temperature on Hand and Forearm 
 
In Figure 2.1, case 1 represent the skin surface temperature at 
room temperature 20°C, case 4 represent the skin surface temperature at 
room temperature 23°C and case 7 represent the skin surface temperature 
at room temperature 26°C. The temperature of the left hand, right hand, 
left forearm and right forearm are lie between the temperatures of 34 to 
35°C for room temperature 26°C. 
 
Elder  
(above 40)  
35°C  35.77 to 
36.94°C  
37.44°C to 
37.94°C  
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Figure 2.1 Skin surface temperature at temperature gradient of 1K/m 
for room temperature 20, 23, 26 °C [12] 
 
 
2.2 PULSE RATE 
 
Heart rate or pulse is one of the significant physiological 
parameters of the human body, which contain important information 
about the cardiac system. The information provided by the human pulse 
is useful for the clinical purposes. Heart rate is the number of the beats 
per unit time and expressed in beats per minutes (bpm) [13]. The 
moderate physical activity will not change the resting pulse much. 
However, for those get a lot of physical activity or very athletic, they will 
have lower heart rate [5]. The normal pulse rate for a healthy adult is 
between 60 and 100 bpm [14]. Tachycardia is known as a condition of 
the heart rate for the adults is more than 100 bpm whereas the 
bradycardia is a condition of the heart rate for the adults is less than 60 
bpm. The pulse rate of age span shown in the Table 2.2. 
 
          Table 2.2 Pulse rate of age span [15] 
Table 2.2 Pulse rate of age span [23] Age 
span  
Heart rate (bpm)  
Less than 1 month  120 to 160  
1 to 12 month  80 to 140  
12 month to 2 years  80 to 130  
2 to 6 years  75 to 120  
6 to 12 years  75 to 110  
More than 12 years  60 to 100  
 
According to the American Heart Association, the factors that affect the 
heart rate including the air temperature, body position, emotions, body 
size and the medicine use [5]. When the temperature soars, the pulse rate 
will increase normally no more than 5 to 10 bpm because the heart pumps 
a little more blood. For the factor of body position, the pulse rate is 
usually the same when sitting, standing and resting unless a person stand 
for the first 15 to 20 seconds, the pulse may increase a little bit but the 
pulse will settle down after a couple of minutes. Besides, the pulse also 
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will be affecting by the stress, anxious or extraordinarily sad and happy. 
The size of the body will not change the pulse. A higher resting pulse 
which not more than 100bpm for the person who is obese. Moreover, the 
medicine use will slow the pulse since the medicine will block 
adrenaline. 
2.3 CONSTRUCTION OF HEALTHCARE SYSTEM  
 
The system consists of two input sensors, which are the pulse 
sensor and DS18B20 waterproof temperature sensor to determine the 
pulse rate and body temperature, respectively. The temperature sensor is 
placed at the forearm and the pulse sensor is placed at the fingertip. The 
input reading of the sensors is received by the microcontroller, 
NodeMCU and displayed in the OLED then uploaded to the IoT 
platform, ThingSpeak. If the reading does not meet the specification that 
have been fixed which are between the range of 60 to 100 bpm for pulse 
sensor and 34 to 36°C for the temperature sensor, a notification email 
will be sending to the Gmail account via the IFTTT web-based service 
to alert the subject health condition. The prototype will be powered by a 
9V battery. Flowchart showed in Figure 2.2 describes the proposed 
system flow. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 General healthcare system order 
Pulse 
sensor 
Waterproof 
temperature 
sensor 
Node MCU 
OLED Thing Speak 
IFTTT 
Gmail 
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Figure 2.3 Prototype of the healthcare system 
 
Figure 2.4 Wearable prototype 
 
Figures 2.3 and 2.4 are constructed prototype and completed covered 
prototype, respectively.  
 
2.3.1 Analysis of the Prototype Performance 
 
Testing measurement is implemented on the DS18B20 
temperature sensor and pulse sensor with NodeMCU for prototype 
performance test. Twenty readings of body temperature and twenty 
readings of pulse rate are collected for six subject for both rest and 
exercise conditions. These reading are recorded in the ThingSpeak every 
15 second and the readings is exported from the ThingSpeak to be 
analysed.   
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Table 2.3 Average body temperature and pulse rate of the 
subjects during rest and exercise 
 Rest Exercise 
 Mean of body 
temperature 
(°C) 
Mean of 
pulse rate 
(bpm)  
Mean of body 
temperature 
(°C)  
Mean of 
pulse rate 
(bpm)  
Subject 1  34.60  73.40  34.90  129.75  
Subject 2  34.42  72.80  34.24  136.45  
Subject 3  35.57  76.75  35.28  151.45  
Subject 4  34.47  70.60  35.23  153.05  
Subject 5  34.35  78.30  34.62  139.65  
Subject 6  34.42  76.15  34.66  148.70  
The average of body temperature and pulse rate readings of subject 1, 4, 
5 and 6 during exercise are higher than the readings during rest. During 
exercise, the energy that powers muscles is lost as heat, hence causing 
the body temperature increase. However, the body temperature of 
subjects 2 and 3 is decreasing during exercise. This may due to the 
temperature sensor was not attached tightly to the skin of the subject 
during exercise. Since the sensor does not contact closely to the skin, the 
reading of the body temperature was affected. There are some differences 
between the body temperatures of the subject. The readings might be 
cause by the accuracy of the DS18B20 waterproof temperature sensor 
since the accuracy of this sensor is ±0.5°C.  
 The average pulse rate of all subjects are between the range of 
70.60 bpm to 78.3 bpm during rest condition and the pulse reading is 
exceeding 100 bpm during exercise. The pulse rate reading might be 
affected by the improper placement of the fingertip on the pulse sensor. 
Since the fingertip of the subject does not located at the pulse sensor 
correctly, the readings of the pulse rate would come out with slightly 
error. A large movement of the subject during the measurement will also 
cause the fingertip of the subject moving from the appropriate place of 
the pulse sensor and this would affect the readings. Moreover, the subject 
was talking and did not remain calm or relax during the measurement 
procedure, could be the possible reason that influence the reading of the 
pulse rate. Furthermore, emotion and erratic breathing of the subject are 
also become the factor.  
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Hence, several precautions should be taken during the 
measurement in order to prevent the incorrect data readings. For 
example, the body temperature must be attached to the skin of the 
subjects tightly and the fingertip of the subject should positioned 
appropriately on the pulse sensor. 
 
2.4 DISCUSSION 
 
A wearable prototype is designed to help people concern their 
health condition. The prototype is designed to perform with two 
measurement parameters, which are body temperature and pulse rate. 
The temperature sensor is positioned at the forearm whereas the pulse 
sensor is positioned at the fingertip. A notification will be sending to the 
user via email to alert them when their pulse rate and body temperature 
is not fulfiling the specification. The body temperature and pulse rate is 
not only able to monitor at the OLED but also can be displaying in the 
IoT platform since this prototype is available with IoT. The readings are 
able to store in the IoT platform and also allowed to be exported. The 
IoT platform used is ThingSpeak. 
The prototype is recommended to perform more than two 
parameters in order to upgrade healthcare system, which able to measure 
several parameters not only body temperature and pulse rate. By 
increasing the measured parameter, the prototype has the potential to 
become more practical and reliable. Furthermore, the accuracy of reading 
also can be improved so that the readings obtained are more accurate.  
The readings is also suggested can be updated every second in the IoT 
platform. The design of the prototype can be enhanced from the aspect 
of comfortably and appearance. The size of the prototype can be reduced 
so that it be the more suitable for wearing. The appearance of the 
prototype can be designed to be more attractive and long lasting. 
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